the treating physician are even more overwhelming regarding the decision of what should be the most appropriate therapy offered to patients with RSM. Our review will cover the diverse modalities of therapy available including the role of preimplantation genetic testing using recent microarray technology, such as single nucleotide polymorphism and comparative genomic hybridization, as well as preimplantation genetic diagnosis; the greatest emphasis will be on the treatment of APS, and there will be important comments on the management of patients presenting with idiopathic RSM. The controversial areas of the role of natural killer cells in RSM, the varied modalities in the management of idiopathic RSM and the need for better-planned studies will be covered as well.
Introduction
Recurrent spontaneous miscarriage (RSM) has been defined in a variety of ways by researchers and clinicians; different gestational ages and different numbers of previ-ous miscarriages have been given in their definitions, even emphasizing the fact that the miscarriages may have originated from the same biological father [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . This discrepancy and the lack of universal uniformity in the definition of RSM are challenging and create difficulties for researchers and clinicians in the comparative assessment of the outcome of their research and in patient care. Some authors quote the age of fetal viability or a gestational age of 24 weeks or less in defining recurrent miscarriage [5] , others regard recurrent miscarriage as the loss of 2 or more consecutive pregnancies [11, 12] . In this review, RSM is defined as the loss of 3 or more consecutive pregnancies before 20 weeks' gestation, a definition that has been widely adopted [1-4, 6, 7, 10, 13, 14] . It is pertinent to state here that in our practice in Kuwait, we do commence RSM investigations in patients 35 years and older who have had 2 or more previous consecutive miscarriages because of the decline in fertility with increasing maternal age.
RSM is synonymous with recurrent spontaneous abortion and recurrent pregnancy loss, terminologies which are used by other authors [1, 3-5, 7, 10-12] . RSM affects women in the first and second trimesters of pregnancy. The incidence of RSM in women of reproductive age seeking pregnancies is reported to be 1-2% [1-3, 6, 13, 14] . RSM, which is distressing to the affected families [13] and the couple seeking parenthood, has been a formidable challenge for the treating physician [15] ; it has also been regarded as a heartbreaking and frustrating condition [16] . Patients presenting with RSM have experienced psychological trauma as they face the uncertainty of the outcome of the next pregnancy, and a variety of psychological and psychiatric disorders including anxiety, depression, posttraumatic stress disorders, and obsessivecompulsive disorders develop in these patients after RSM [17] .
A patient who has RSM without a previous ongoing pregnancy (viable pregnancy) beyond 20 weeks' gestation is defined as presenting with 'primary RSM'. Those patients who present with an episode of RSM after 1 or more previous pregnancies (viable pregnancies) beyond 20 weeks' gestation are said to present with 'secondary RSM'. Tertiary RSM occurs after an episode of secondary RSM. The probabilities of live births after episodes of primary and secondary RSM are estimated at 50 and 70%, respectively. Maternal and fetal morbidity may also be different.
The Aetiology of RSM
The aetiology of RSM may be multifactorial in many patients, with 2-3 different causes reported in the same patient [1, [3] [4] [5] 15] . In spite of the array of causes listed in table 1 , there is still a huge challenge in identifying the causes of RSM in the patients who present to the clinics for investigation, especially as no cause may be identified in 40-60% of patients.
General Risk Factors
Some general risk factors have been established [18] [19] [20] [21] [22] [23] [24] . Increasing maternal age has been associated with an increasing incidence of further or recurrent miscarriages [18, 19] , which may not be unrelated to the decline in number and quality of remaining oocytes with an increasing number of pregnancies. An increasing number of previous miscarriages is also associated with a rising incidence of further miscarriages or recurrence [18] [19] [20] . The relationship between rising maternal age and the risk of further miscarriages are illustrated in table 2 . Advanced paternal age has also been associated with an increasing incidence of recurrent miscarriages, related to the declining seminal quality with age [21] . Obesity has been associated with an increased risk of recurrent miscarriage, with rising levels of the body mass index being linked to a greater risk of further miscarriages [22] [23] [24] . The role and contribution of other risk factors such as personal habits like heavy smoking (paternal/maternal), high maternal alcohol consumption and high maternal caffeine intake, which have all been linked with an increased risk of miscarriages/recurrent miscarriages, cause a great quagmire for the treating physician [3] [4] [5] , since the evidence may be controversial and conflicting and patients may not fully comply with the counselling of the physician to reduce these risk factors.
Genetic Factors
Genetic factors account for RSM in 3-5% of patients and are illustrated in table 1 . The incidence of chromosomal abnormalities, usually in the form of balanced translocations or inversions, has been reported to be increased in couples with RSM [3] and is reported in 2-5% of patients [25] with RSM where one of the partners carries a balanced reciprocal or Robertsonian translocation [26] [27] [28] [29] . Balanced translocations are the most common chromosome anomalies linked with RSM [5] . Numerous genetic polymorphisms have been associated with RSM [30] . The incidence of chromosome abnormalities and the types of these abnormalities recorded vary in patients with sporadic miscarriages and RSM [25] . Whereas parental balanced translocations/inversions may be classified as genetic inheritable causes of RSM, other genetic causes of RSM may be described as non-inheritable, as recorded in patients who are chromosomally normal, including embryonic aneuploidy (where there may be an increase or decrease in chromosomes) [25, 31, 32] ; there may also be duplications or deletions of genetic information within chromosomes or single gene mutations [32] . It has been observed that a majority of miscarriages have been recorded in chromosomally normal patients [25] .
Anatomical Factors
A variety of uterine malformations has been associated with RSM although the evidence is rather uncertain [5, [32] [33] [34] . A wide range of 1.8-37.6% for the prevalence of uterine anomalies has been reported in patients presenting with recurrent miscarriage [33, 34] . The incidence of uterine anomalies has been reported to be higher in women with second-compared with first-trimester miscarriages; this finding may be related to cervical disorders/ weakness/malformations which are more frequently associated with second-trimester miscarriages and which are also linked with uterine anomalies. Cervical weakness is a frequently documented cause of second-trimester miscarriage, although the real prevalence is uncertain. A septate uterus has been associated with increased firsttrimester miscarriage because of impaired implantation [35, 36] . A uterine septum is usually composed of fibromuscular tissue which is poorly vascularized, and this poor vascularization may compromise the developing fetus, thus affecting the decidual or placental development and hence leading to miscarriage.
There is still some controversy amongst researchers and clinicians in their efforts to distinguish between septate and bicornuate uteri through diagnostic tests, and there is no significant difference in the outcome of pregnancy before and after correctional surgery for these malformations: a recent report has stated that 35.1-65.9% of patients had live births after correctional surgery compared with 33.3-59.5% of live births without correctional surgery [37] . This equivocal and rather inconclusive information poses great difficulty to the treating physician and is an area of challenge in decision-making, investigation and treatment of patients with RSM who need to be screened for these suspected anatomical disorders.
Antiphospholipid Syndrome
Antiphospholipid antibodies (APLs) are acquired antibodies (immunoglobulins IgG, IgM and/or IgA) which react against negatively charged phospholipids in the cells and which were originally linked with thrombosis and infarction in the placenta, thus causing some obstetric morbidities [38] . APLs have been reported in 15% of patients with RSM [39] and in 2% of women with a low-risk obstet- ric history [40, 41] . Antiphospholipid syndrome (APS), regarded as an autoimmune condition, is characterized by the production of APLs which are anticardiolipin (ACL) antibodies and lupus anticoagulants and by some clinical features of adverse pregnancy outcome [42] . The incidence of APS reported in a large meta-analysis on RSM was 15-20%, which is much higher than the 5% incidence in nonpregnant women without a history of obstetric complications [43, 44] . The pathway for the development of APLs has not been well established, although genetic factors and infection may play a role and some family studies have suggested a genetic predisposition to APS [42] . The diagnosis of APS is based on both clinical manifestations of adverse pregnancy outcome and laboratory detection of abnormal antibodies. The clinical criteria include a history of RSM, fetal loss and venous and/or arterial thrombosis, and the laboratory criteria include the detection of moderately elevated or high APLs and/or thrombocytopenia. Antibody titre elevation should be detected on at least 2 occasions, 3 months apart [5, 14, 42] . The comprehensive criteria for definite APS are documented in table 3 .
It is pertinent to note that APS may be defined as 'primary' in patients without clinical or laboratory evidence of any underlying disease or condition (apart from those in APS) and as 'secondary' when it is associated with other diseases or conditions such as systemic lupus erythematosus, rheumatoid arthritis, diabetes mellitus, malignancies (cervix/ovary), drug intake (oral contraceptives), and infectious conditions (syphilis, HIV).
The mechanisms through which APLs cause pregnancy-induced morbidity are itemized in table 4 . Inherited thrombophilias have been associated with increased risks of systemic thrombotic disorders such as deep vein thrombosis and pulmonary embolism [45, 46] . They have also been identified as aetiological factors in RSM and late [52] reported that the risk of RSM was doubled in carriers of factor V Leiden or prothrombin gene mutation compared with non-carriers, and some prospective studies have reported an increased risk of miscarriage in untreated pregnancies in carriers of factor V Leiden mutation compared with non-carriers presenting with RSM [53, 54] . However, another prospective study [55] reported no adverse effects in the live birth rate in women with hereditary thrombophilias presenting with RSM. The role of inherited thrombophilias in the aetiology of RSM remains controversial and clearly poses a great challenge, creating uncertainty in many physicians treating patients with RSM.
Endocrine Factors
Poorly controlled or untreated endocrine disorders such as diabetes mellitus and thyroid dysfunction have been associated with spontaneous miscarriage [3] [4] [5] . However, well-controlled diabetes mellitus and treated thyroid dysfunction do not increase the risk of RSM [56, 57] . The prevalence of diabetes mellitus and thyroid dysfunction in the general population is comparable with the rate in patients with RSM [58, 59] . The role of the presence of antithyroid antibodies in women with RSM remains controversial. A recent study [60] demonstrated that there was no role for antithyroid antibodies in the aetiology of RSM in euthyroid patients, and this is in agreement with the findings of a previous study [61] . Hyperprolactinaemia, which has been linked to thyroid disorders, has also been associated with the aetiology of RSM, although the mechanism is not clearly established.
Polycystic ovary syndrome (PCOS) has been associated with an increased risk of miscarriage and RSM, although the exact mechanism for this association remains uncertain [5, 47] and the incidence reported is quite varied: PCOS has been associated with RSM in 56% of the population [62, 63] , whereas a rate of 21.1-40% was reported from Kuwait [64, 65] and a lower rate of 8.3-10% in the study of Cocksedge et al. [66] . Hyperinsulinaemia, increased insulin resistance and hyperandrogenaemia, which have all been reported in PCOS, have been linked with an increased risk of miscarriage and RSM. Although an increased prevalence of insulin resistance was reported in non-pregnant women with RSM compared with matched fertile controls in Craig et al. [67] , this was not confirmed in another study [68] . The recent study of Wang et al. [69] showed that there was an increased risk of insulin resistance in the early stages of pregnancy in women with a history of RSM compared with those without such a history.
Other Immune-Related Factors and the Role of Natural Killer Cells
The role of alloimmune factors in the aetiology of RSM remains controversial, and the hypothesis of human leucocyte antigen (HLA) incompatibility between couples presenting with RSM and the role of maternal blocking antibodies in RSM have not been clearly substantiated.
In spite of extensive investigations in RSM patients, the treating physician still faces huge challenges in confirming the aetiological factors in all patients with RSM. In 50-60% of patients, the aetiology of RSM remains elusive, unidentified or unexplained [65, 70] . An immunological reason has been proposed as the underlying basis of these unexplained RSM [71] although the exact mechanism has not been elucidated. Undiagnosed or unrecognized chromosome anomalies may also play a significant contributory aetiological role. Surely, the inability of the treating physician to confirm the aetiology in >50% of the patients investigated for RSM is not welcomed by the patients and it remains a great challenge and a source of concern for the medical expert.
Intensive research in the last 17 years has focused on cellular constituents/processes to explain the immunological basis for RSM [71] , and natural killer (NK) cells have been extensively evaluated as a probable contributing factor. NK cells, constituent parts of the innate immune system, are the predominant leucocyte cell population present in the endometrium during the period of implantation and early pregnancy [71] . NK cells are also found in peripheral blood. Whereas uterine NK cells (uNK) and peripheral blood NK cells (pNK) express the same surface antigen CD56, uNK and pNK cells are functionally and phenotypically different [72] . The intensity of CD56 expression can be used to divide NK 43 cells into two populations [73] . A very high population of pNK cells (90%) are CD56 dim and CD16 + , and the remaining 10% of pNK cells are CD56 bright , with low levels of or absent CD16 + [73] . It has been suggested that the uNK cells are derived from this smaller population of pNK cells. In 90%, pNK cells are CD56 dim and CD16 + , whereas 80% of uNK cells are CD56 bright and CD16 + . uNK cells have limited cytotoxic activity and are the major source of NK cell immune regulatory cytokines [73] [74] [75] [76] which may play a role in trophoblastic invasion and angiogenesis.
As previously stated, NK cells are the predominant leucocyte in the endometrium during the period of implantation and early pregnancy [71] . In normal pregnancy, previous studies have demonstrated a reduction in the number of pNK cells, and this has enhanced the progress of normal pregnancy [77, 78] . Other studies have reported that an increased NK cell population has been associated with implantation failures after embryo transfers or RSM [79] [80] [81] [82] .
Various studies have established background information on a Th1/Th2 balance for the successful progression of pregnancy. Enhanced Th1 activity on the trophoblast cells is associated with RSM, whereas enhanced Th2 is associated with progression of pregnancy. Successful pregnancy is considered as a Th1/Th2 balance with positive Th2 and a predominantly Th2 lymphocyte response, with the role of IL-12, IL-15, IL-18, and other soluble factors dependent on NK cells [83] [84] [85] [86] . Increased pNK cells have been linked to increased Th1 activity and migration of cytotoxic cells into the uterus, with progression to RSM. On the other hand, Th2 immunity to trophoblast cells is mainly suppressed during pregnancy, thus allowing the pregnancy to continue, whereas the failure of such suppression leads to increased trophoblastic cytotoxic activity in the uterus resulting in a loss of pregnancy and RSM [71] . Decreased pNK cells have been linked to enhanced Th2 activity with diminished cytotoxic activity in the uterus and continuation of pregnancy. This finding is not universally accepted. The mechanisms associating NK cells (pNK and uNK cells) with unexplained RSM have not been fully established [71, 74] .
The Role of Infections
The role of infections in the aetiology of RSM remains controversial, certainly unresolved, and is a dilemma for the treating physician [5] . Severe maternal viraemia and bacterial and parasitic infections which lead to high levels of pyrexia can cause sporadic miscarriages and preterm delivery. However, persistent prolonged maternal infections due to these infecting agents which could be linked to the aetiology of RSM should leave significant maternal effects, and these have not been documented in patients with RSM. Infections due to rubella, herpes, cytomegalovirus, and toxoplasmosis (infections that have usually been associated with the aetiology of RSM) do not meet these specifications, and efforts to screen for them empirically using the tests classified as TORCH (toxoplasmosis, rubella, cytomegalovirus, herpes) should not be continued [87, 88] . Bacterial vaginosis has been associated with the aetiology of spontaneous miscarriages, preterm delivery and RSM [89] [90] [91] [92] although the outcome of the Cochrane systematic review [93] of the treatment of bacterial vaginosis has not resolved the full benefits of screening for bacterial vaginosis in the prevention of preterm delivery and RSM by deduction.
In spite of extensive studies and reviews, the aetiology of RSM remains unexplained, idiopathic or unknown in about 50% (range 35-65) of the cases of RSM encountered by treating physicians, leaving them challenged and in a quandary, since a majority of patients do not readily accept the information that there is no explanation/cause for their RSM. Parental karyotype abnormalities, APS and uterine anatomic abnormality are universally accepted as the main causes of RSM in about 50% of all the patients presenting with this clinical entity [1-6] . 
RSM Investigations
It is the aim of the various tests and ancillary investigations to establish the cause of RSM based on understanding and on the available facilities. The investigation and treatment of all patients should preferably be carried out by specially designated RSM clinics run by trained personnel. The investigations recommended by the European Society of Human Reproduction and Embryology (ESHRE) for all patients presenting with RSM are listed in table 5 . The RSM clinics should use specially prepared written documents which include a comprehensive history of all social biodata and all the previous miscarriages as well as of past obstetric, gynaecological, medical and surgical events, and a detailed menstrual history. These clinics should also have a comprehensive list of investigations using suitable available documents and facilities. The RSM investigations at the Maternity Hospital, Kuwait, are laid out in table 6 ; they are similar to those recommended by ESHRE.
Initial Investigations
Basic endocrine investigations include thyroid function tests, screening for diabetes mellitus, serum prolactin estimation, and basic pituitary function tests (luteinizing hormone and follicle-stimulating hormone). These tests may be repeated if results are equivocal.
Parental peripheral blood karyotyping should ideally be performed, but in view of the huge costs involved, many experts recommend selective parental karyotyping, and this approach to screening is implemented at the Maternity Hospital, Kuwait, using a combination of discriminatory factors such as the age of the couple, a high number of previous miscarriages ( ≥ 4-5), and a family history of genetic/chromosomal disorders. Although cytogenic analysis of the products of conception is recommended [3, 4, 5, 14] , it is not routinely performed at the Maternity Hospital, Kuwait, and the cost-benefit analysis of such procedures requires prospective studies of large populations [3] . When balanced chromosome translocation or inversion is confirmed in a parent after karyotype studies, preimplantation genetic diagnosis (PGD) with in vitro fertilization (IVF) is performed with the selection and transfer of a chromosomally normal embryo [31, 32] . The practice of preimplantation genetic screening (PGS) with IVF is recommended for parents who are chromosomally normal in an effort to detect aneuploid embryos [31, 32] , although this method of testing (PGS with IVF) is still controversial. Whereas PGS was previously performed using fluorescence in situ hybridization which evaluated 5 and 14 chromosome pairs, this process has been enhanced by a combination with new microarray technology using single nucleotide polymorphism (SNP) or comparative genomic hybridization which evaluates all 23 chromosome pairs, with SNP arrays giving superior results for pregnancy outcome [31, 32] .
Antiphospholipid Syndrome APS is the most frequently diagnosed immunological cause of RSM [5] . The diagnosis should be based on the mandatory adherence to the rule of two positive tests at least 12 weeks apart for either lupus anticoagulant or ACL antibodies of the IgG and/or IgM class at a medium or high titre [1, 3, 5, 6, 14, 38, 42] . In some patients, all three antibody tests may be positive. A failure to adhere to this strict guideline in diagnosis by some colleagues contributed to the high incidence of 33% reported for APS in our earlier report on RSM ( fig. 1 ) [64] ; this rate was reduced in later studies to 15-20% [15, 65] . Practitioners in this field should avoid short cuts in the care of their patients so that they do not fall prey to such diagnostic pitfalls. Lupus anticoagulant has been detected in Kuwait and in other countries [3, 5, 64, 65] M is c e ll a n e o u s 2 1 .1 % P C O S 2 1 .1 % ( 1 9 p a t ie n t s ) [64, 65] ; these investigations are recommended by professional organizations. There is considerable inter-laboratory variation [94] , and standardized methods should be used and appropriate normal levels of antibody titre should be set for each centre so that abnormal/elevated results can be easily identified. In Kuwait, the antibody tests for APS are performed in a centralized laboratory and the levels of positivity are established [64, 65] . Temporary fluctuations in antibody titres may be reported in individual patients, and transient positive titres especially for ACL IgM may be recorded secondary to infections; therefore, in some patients, several tests may be required before a definitive diagnosis is made. The screening for inherited thrombophilias includes screening for antithrombin III, factor V Leiden, prothrombin G20210A, protein C and protein S as well as for MTHFR C-677T polymorphisms, and these tests should be done before pregnancy because of the physiological changes in some of these thrombophilias during pregnancy (protein S and C). Robertson et al. [48] have called for larger epidemiological studies to justify the inclusion of routine screening for inherited thrombophilias in RSM clinics because of some conflicting reports [45, 95] on the impact of inherited thrombophilia on RSM and other adverse pregnancy outcomes.
Imaging and Related Operative Procedures
Transvaginal ultrasonography is essential in the diagnosis of uterine anatomical disorders, in establishing the endocrine function of the ovaries and uterus and in diagnosing PCOS. Pelvic ultrasonography and/or hysterosalpingography (sonohysterography in some expert hands) may be useful as initial screening tests. However, a combination of 3D pelvic ultrasound (3D or higher), hysteroscopy and laparoscopy are required to confirm the diagnosis of uterine anomalies and ovarian disorders in specific/special circumstances.
Miscellaneous Tests
The controversy over the role of infections and antithyroid antibodies in RSM has called into question the need for screening for these conditions. Routine estimation of anti-thyroid antibodies, the performance of TORCH and screening for bacterial vaginosis are not supported by existing guidelines for the investigation and management of RSM [3, 5, 14] . However, some centres still routinely perform these tests and certainly add to the dilemma faced by physicians aiming at delivering the proper care for patients with RSM. These tests are not performed routinely at the Maternity Hospital, Kuwait. [86] failed to identify any significant association between unexplained RSM and cytokine gene polymorphism, and thus, the authors do not recommend the inclusion of cytokine assays and angiogenic mediators in routine RSM investigation. Beaman et al. [96] believe that increased testing for patients with RSM is necessary as it may lead to the detection of more causes of RSM, and thus recommend increased genetic testing, testing for HLA-C ligands, NK cell counts, NK cytotoxicity assays, and Th1/Th2 cytokine ratios. The uncertainty in regard to the real benefits of diagnostic testing and RSM investigations rages on.
Treatment of RSM
The general guidelines for the treatment of RSM at the Maternity Hospital, Kuwait, are outlined in table 7 . The investigation and treatment of RSM should be undertaken in specially designated clinics/centres which should be run by trained or qualified personnel equipped with readily available facilities (on site or nearby) for all ancillary investigations. If care is provided by ad hoc partially trained personnel, appropriate guidelines may not be followed and the outcome/results reported will not be subject to proper interpretation and application. New treatment options should only be implemented in centres which are engaged in research activities to facilitate the application of these research findings in future and in more widespread treatment. Further, there is the need for larger well-planned double-blinded randomized controlled trials or standardized research protocols to be applied in the utilization of new or even well-established investigations and treatment of RSM to effectively resolve many of the problems which remain a source of quagmire for most treating physicians [3-6, 14] .
Treatment before Pregnancy
As outlined in table 7 , when treatment starts before pregnancy, the couple should be fully counselled about the approach to investigations; they should be fully informed about the outcome of the investigations, the treatment plan to be followed, and the outcome of such treatment. Patients presenting with RSM are usually quite anxious and full of uncertainty about the outcome of the next pregnancy. Strong psychological support should be provided and sustained all through the period of consultation and tender loving care should always be offered to the patients.
When abnormal parental karyotypes are detected during the screening period, the couple should be referred to a clinical geneticist, where available, for detailed counselling about the outcome of future pregnancies. The couple could be encouraged to proceed with another pregnancy with natural conception and take a chance with the next pregnancy [5] , a line of management followed frequently in our clinic in Kuwait. In some other centres, advice may include prenatal diagnosis (chorionic villus sampling/ amniocentesis), gamete donation and even adoption, options that are not offered at the Maternity Hospital, Kuwait. The couple should be informed that they have a 5-10% chance of recurrence of another natural untreated pregnancy with a balanced translocation [97] and quite a favourable rate of 50-70% of a healthy live birth in future untreated natural pregnancies [28, 29, 98] . PGD with IVF has been recommended as treatment for translocation carriers [4, 5, 31, 32, 47, 97, [99] [100] [101] [102] , but the patients should be aware of the lower pregnancy rate with IVF. PGS with IVF combined with the microarray technology preferably using SNPs or comparative genomic hybridization may also be offered to patients with no chromosome anomalies. PGD with IVF/PGS with IVF and SNP are not frequently offered to our patients in Kuwait, leaving the treating physicians with more challenges; such services may be more freely offered in the future as there are developments that will enable such services to come on-stream.
The correction of detected anatomical disorders (congenital and acquired) including hysteroscopic resection of congenital uterine septum, preferably using cold scissors rather than cautery or bipolar cutting devices, resection of submucous fibroids, and treatment of intrauterine adhesions presenting as Asherman syndrome should be undertaken before another pregnancy is embarked upon. Patients who have multiple uterine fibroids with a large uterine size exceeding 14 weeks' gestational size should be encouraged to secure appropriate treatment (including myomectomy) before embarking on another pregnancy. However, it should be noted that the exact role of a resection of the uterine septum is still unresolved [103] septum as an aetiological factor in RSM ( fig. 1 ) [64] and we have recorded successful pregnancies in some patients who had uterine septum resection.
Surgical correction of traumatic cervical lacerations should be undertaken before further pregnancies are planned [5, 63, 64, 97] . Cervical cerclage in pregnancy will be discussed later when dealing with the management of RSM in pregnancy. Transabdominal cerclage has been offered as an alternative treatment for patients presenting with second-trimester miscarriage or early preterm labour who have had unsuccessful transvaginal cerclage because of a short or scarred cervix [104] [105] [106] . A systematic review comparing abdominal with vaginal cerclage has indicated a lower risk of delivery before 24 weeks' gestation [107] although the timing of performing transabdominal cerclage before or during pregnancy remains unresolved [108] .
Endocrine disorders including thyroid dysfunction and diabetes mellitus should be well controlled before another pregnancy is planned. Patients presenting with PCOS should be appropriately managed with medical and surgical methods to achieve regular ovulation, and assisted reproductive technology may be indicated in some of these patients with PCOS.
Treatment during Pregnancy
Psychological support and tender loving care should be continued all through the pregnancy. I have encouraged more frequent antenatal visits (usually 2 weekly appointments) to the clinic for all patients with RSM and this has been very well accepted by the patients as they feel more reassured and supported. The real benefits of these frequent visits are being evaluated by an ongoing prospective study. The endocrine treatment for thyroid dysfunction and diabetes mellitus is continued to ensure that these endocrine disorders are well controlled.
Antiphospholipid Syndrome APS, the most frequently diagnosed immunological cause of RSM and the only proven thrombophilia associated with an adverse pregnancy outcome, has also been identified as the most treatable cause of RSM [1, 109] . The treatment recommended for APS is a combination of low-dose aspirin (LDA) plus heparin, and this treatment modality for RSM will help prevent further miscarriages [1-7, 14, 42, 46, 47, 110-112] . However, this treatment has attracted some controversy [1] and has been the subject of multiple publications [1, 5, 42] . A Cochrane review [113] including 13 trials (849 women), a meta-analysis of randomized controlled trials, which reviewed the outcome of various treatments including aspirin, steroids, intravenous globulin, and heparin, given to women with RSM and APS to improve pregnancy outcome, reported that only treatment with a combination of aspirin and unfractionated heparin reduced the rate of miscarriage by 54%. Another metaanalysis of 334 patients [114] with RSM and APS reported a live birth rate of 74% in those patients treated with heparin and aspirin compared with a live birth rate of 56% in patients treated with aspirin alone [114] ; this meta-analysis also confirmed the superiority of heparin combined with aspirin compared with aspirin alone in the treatment of RSM associated with APS. There were limitations in both meta-analyses [113, 114] ; these arise from the design and quality of the studies and the small number of patients in the trials included in the second meta-analysis [114] . The live birth rate of 82% reported in a Kuwait study [115] in which patients with RSM and APS were treated with LDA, unfractionated heparin or low-molecular-weight heparin (LMWH) is comparable to the above result of 74 and 79% reported in the AOCG Practice Bulletin [116] where LMWH was combined with LDA. Two smaller studies [117, 118] have not reported any significant differences in pregnancy outcome with the combination therapy using unfractionated heparin and LDA and LMWH and LDA in patients with RSM associated with APS. Although some other studies have raised doubts about the benefits and value of heparin [119, 120] , there is overwhelming evidence supporting the use of heparin (unfractionated heparin) and LMWH combined with LDA in the management of patients presenting with RSM associated with APS [1- 7, 14, 42, 46, 47, 110-112, 116, 121] . Treatment with heparin and LDA should be commenced as soon as a pregnancy test is positive and continued all through pregnancy and into the puerperium with specific breaks. LDA should be stopped at 35 weeks' gestation because of some adverse neonatal effects of LDA, and heparin should not be administered during labour and operative obstetric operations because of the risk of haemorrhage. Corticosteroids administered to women during pregnancy presenting with RSM associated with APS do not improve the live birth rate compared with heparin and LDA [113] , and such therapy should not be encouraged, especially as corticosteroids are associated with significant fetal and maternal morbidity. If the treating physician has a choice in the type of heparin used, then it should be stated that LMWH has advantages over unfractionated heparin as the former drug is usually administered daily and is associated with less heparin-in-duced thrombocytopenia and a lesser risk of heparininduced osteoporosis.
Physicians face great challenges and are clearly in a quagmire when it comes to the treatment of women presenting with RSM associated with inherited thrombophilia because there is no strong evidence to support the treatment of these patients with aspirin and/or heparin [1, 5, 47] . Women with inherited thrombophilia have an increased risk of venous thromboembolism, suggesting that aspirin and/or heparin should be useful in the treatment of these patients; it has been suggested that they may improve the live birth rate in women who have secondtrimester miscarriages associated with inherited thrombophilia. Although some studies have indicated that heparin may improve live birth rates in women with inherited thrombophilia [122] [123] [124] , a more recent study by Viser et al. [125] has stated that there was no significant difference in the live birth rate in women with RSM and inherited thrombophilia who have been treated with a combination of aspirin and LMWH or aspirin alone. In Kuwait, we have observed positive results in the live birth rate of our patients who presented with protein S and protein C deficiency and RSM. In a specific case of protein S deficiency, the patient had 3 successful live births and the puerperium was complicated by an episode of cerebrovascular accident due to cerebral vein thrombosis after stoppage of LMWH. She made a complete recovery and had a successful 4th live birth during which LMWH and LDA were continued all through pregnancy and the puerperium, and further anticoagulant therapy was continued under the care of a haematologist after discharge from the postnatal clinic.
Treatment of RSM Patients with Cervical Disorders
Because of conflicting evidence, the management of women presenting with RSM, usually late in the first trimester, and with second-trimester miscarriages is really difficult for the treating physician who needs to decide on the definitive treatment for such patients [5, 126] . A meta-analysis [127] of 4 randomized controlled trials reported that prophylactic cerclage did not reduce the risk of miscarriage or preterm delivery in women at risk of such disorders because of cervical weakness. Another meta-analysis [128] on women from 4 randomized controlled trials with a short cervix (<25 mm diagnosed by transvaginal ultrasound examinations) and a history of previous second-trimester miscarriage confirmed that cervical cerclage may reduce second-trimester miscarriages and the incidence of preterm delivery. It has been documented that cervical cerclage may be associated with some minor maternal morbidity [5, 126, 128] . It has been the practice in Kuwait to perform prophylactic cerclage in women who present with a history of recurrent second-trimester miscarriages, a history of a typical single second-trimester miscarriage, or with ultrasound-indicated cervical weakness where a cervical length of 25 mm or less has been detected by transvaginal ultrasound, adhering to the principles contained in a recent guideline [126] . In some women with a less specific history, serial cervical ultrasonographic surveillance is carried out in the index pregnancy and prophylactic cerclage performed when indicated by a cervical length of <25 mm. The treating physicians at the Maternity Hospital, Kuwait, consider it much too dangerous to continue ultrasound surveillance up to a cervical length of 15 mm, as recommended elsewhere [11, 14, 111] , before performing a cervical cerclage.
Role of Progesterone
In a landmark study, Csapo et al. [129] laid the foundation for the fact that progesterone was essential in the maintenance of early pregnancy. Other authors [130, 131] have indicated that progesterone therapy was not essential in preventing miscarriages. In spite of the fact that progesterone has been identified as being essential for the implantation and maintenance of pregnancy [3] [4] [5] [6] , great controversy still exists about the role of progesterone supplementation in supporting early pregnancy and in the prevention and/or reduction of first-trimester miscarriages/recurrent early spontaneous first-trimester miscarriages. The use of progesterone supplementation is an area of great challenge to the treating physician (especially in Kuwait), having to sort out those patients with RSM who may benefit from progesterone therapy versus those in whom the treatment is clearly uncalled for and could pass as a form of medical malpractice [ 3-5, 32 , personal experience in Kuwait]. Progesterone has an immunomodulatory action in inducing a pregnancyprotective shift from pro-inflammatory cytotoxic Th1 cytokines to a more favourable anti-inflammatory and less cytotoxic Th2 cytokine response that encourages the progression of pregnancy [71, 132] ; this shift also encourages a more favourable NK cell population with a reduction/decrease in pNK cells which is linked to diminished cytotoxic activity and a continuation of pregnancy. Although a meta-analysis by Haas and Ramsey [133] did not confirm any positive role for progesterone in sporadic miscarriage, a further subgroup analysis of women with RSM in that study showed that progesterone therapy was positively associated with a significant reduction in the miscarriage rate in those with RSM compared with placebo or no treatment. Duphaston (dydrogesterone, a synthetic progesterone), administered as tablets, was not only significantly associated with a prolongation of pregnancy in patients with threatened miscarriage but was also significantly associated with successful viable pregnancies and a reduction in miscarriages in patients with RSM who were treated with duphaston [134, 135] . Duphaston therapy has been associated with a shift of Th1 to Th2 cytokines, and thus, contributes to the promotion/progression of pregnancies. In the light of the above presumed benefits of the use of progesterone in RSM, duphaston tablets and other natural vaginal progesterone pessaries (Cyclogest) are administered to deserving patients in Kuwait presenting with RSM.
The Role of Other Forms of Therapy Using Immunologically Related Therapies
The treating physician faces a lot of pressure in deciding on whether to offer some other forms of controversial therapy to patients presenting with idiopathic or unexplained RSM. Paternal cell immunization/lymphocyte therapy/third-party donor leucocytes and intravenous immunoglobulin which have been independently administered to patients with previous unexplained RSM have not been associated with sustained improved live birth rates. A Cochrane systematic review [136] has demonstrated that immunotherapy in the form of paternal cell immunization, third-party donor leucocytes and intravenous immunoglobulin in women with unexplained RSM were not associated with any significant beneficial effect in RSM compared with placebo. A recent randomized, multi-centred, double-blinded, placebo-controlled trial and meta-analysis [137] did not report any treatment benefit for intravenous immunoglobulin (IVIG) in patients with idiopathic unexplained RSM. Further, another systematic review [138] reported no beneficial effect of IVIG in the treatment of unexplained RSM. However, in a previous study by Christiansen et al. [139] , the authors had demonstrated an enhanced pregnancy outcome for patients with secondary RSM who were treated with IVIG (58% successful pregnancy rate in treated patients vs. 24% pregnancy in placebo-treated patients; p < 0.02), and a meta-analysis of 8 randomized controlled studies [140] also confirmed a positive benefit for the use of IVIG in idiopathic RSM. Intravenous immunoglobulin has been reported to have a positive effect on the downward regulation of elevated NK cells in patients with RSM, thus contributing to a successful pregnancy outcome in such patients [141] . A recent review [141] has concluded that IVIG was effective in suppressing NK cell cytotoxicity and in enhancing live births in women with RSM and elevated NK cell activity. There are other controversial aspects related to the use of IVIG in idiopathic RSM including standardized dosage regimes, frequency of administration of IVIG, duration of therapy, high costs, and the real possibility of adverse effects in patients treated with IVIG. In spite of such controversy surrounding the use of IVIG in idiopathic and immune-related RSM, most treating physicians have continued to offer IVIG as a last resort/ reserve therapy. In our experience, in Kuwait, IVIG has resulted in successful pregnancies in selected patients, especially those patients with secondary RSM. Some of the researchers [137, 138] who have reported that IVIG has no benefits in RSM have indicated that IVIG is beneficial in patients with secondary RSM and could be offered to selected patients with RSM.
The treating physician who is challenged by the many desperate patients presenting with high-order and idiopathic RSM frequently falls back to IVIG as a reserve therapy. I agree that immune therapy should not be offered routinely to women with RSM outside formal research studies, a principle that we adhere to in our clinics in Kuwait. Patients who present with unexplained RSM should be offered tender loving care, psychological support as well as dedicated intensive monitoring and comprehensive care and they should be reassured that a successful future pregnancy could be in the range of 75% [19, 62, 142] . Efforts have been intensified to find an appropriate therapy for patients with idiopathic RSM. It should be recalled that in about 50-60% of patients presenting with RSM, in spite of comprehensive investigations, no aetiological factor is identified, and these are classified as unexplained or idiopathic RSM. Therapy for these cases of idiopathic RSM remains a great challenge and increases the state of quagmire which the treating physicians are confronting on a regular basis. Therapy for many of these patients is empirical, and psychological support and tender loving care are part of the treatment offered to the patients in dedicated RSM clinics; this approach is strictly implemented in our clinic in Kuwait and has been supported by several studies [19, 62, 141, 143] which have reported beneficial effects. Many of the patients with unexplained RSM have also been offered empirical treatment with LDA and/or heparin (unfractionated heparin or LMWH) in the hope that live births may follow and pregnancy outcome is enhanced. This treatment modality is frequently used by many treating physicians, also in Kuwait, and all efforts to advise against this line of treatment have been unfruitful. Recent randomized controlled trials [2, 5, 45, 125, 144] have indicated that interventions with the drugs stated above do not improve live birth rates in women with unexplained/idiopathic RSM. As clearly recommended [2, 5] , empirical treatment of patients with unexplained RSM with the drugs stated above should be resisted and discontinued, and I strongly support these views and restate that in spite of the challenges we face in finding suitable evidence-based therapy for our patients with RSM, we should resist offering empirical treatment. IVIG should continue to be used in research-based RSM clinics, which may ultimately provide research data to strengthen the use of IVIG and other drugs.
One of the major setbacks in the field of the management and research in RSM is the lack of large, well-conducted, double-blinded, randomized, placebo-controlled and preferably multi-centred trials with well-defined objectives and dealing with patients with standardized definitions of RSM. It will be of immense benefit if research is encouraged in the areas covered above, and researchers should stick to the more universally accepted definition of 3 or more consecutive miscarriages before 20 weeks' gestation. There is a need to emphasize the call for intensive research in the areas of the immunological basis of RSM (especially in the large unresolved entity of unexplained RSM), the role of NK cells and cytokines in RSM, the use of IVIG in RSM (an area of therapy I strongly believe should be explored in greater detail), and the trial of newer treatment modalities for RSM. The role of PGD in the management of recurrent early miscarriages when other forms of therapy have been unsuccessful, especially missed miscarriages, should be explored as a research modality for RSM management.
Conclusion
RSM is a formidable and challenging diagnostic and therapeutic clinical quagmire for the treating physician and a distressing and psychological problem for the presenting patient, affecting 1-2% of women in their reproductive years. The aetiology is diverse and varied, with parental karyotype disorders, uterine anatomic abnormalities, and APS being the most frequently diagnosed causes. The aetiology is unknown, idiopathic or unexplained in 40-60% of patients. Immunological factors and undiagnosed chromosome abnormalities may be the underlying cause of idiopathic RSM. Extensive investigations should be performed in all patients. APS has been confirmed as an established aetiological factor in about 20% of patients, while results of the tests for uterine abnormalities and congenital thrombophilia should be interpreted with caution. Other diagnostic tests such as screening for NK cells should only be undertaken in research-based clinics. The management of RSM is quite varied and challenging. The use of LDA and heparin, an established treatment for APS, has been associated with a live birth rate of 54-74% (82% in some reports). The role of such a therapy in congenital thrombophilia remains controversial. Surgical treatment for uterine anatomical disorders requires further studies. The management of idiopathic RSM remains a clinical quagmire, and although psychological care has been associated with a favourable outcome, the empirical use of LDA and heparin and/or intravenous immunoglobulin, which have been applied in these patients by many treating physicians, should be discouraged because available results do not support this line of management. There is a need for larger, randomized, double-blinded, multi-centred, placebo-controlled studies to establish an evidence-based basis for the aetiology, diagnosis and treatment of RSM, and the definition of RSM should be standardized in such studies.
